significant anemia, malignancy, connective tissue disease, end-stage kidney disease, acute coronary syndrome, coronary angioplasty or coronary artery bypass grafting in the preceding 12 months, and major surgical procedures in the last 8 weeks prior to enrollment into the study. Patients with diet-controlled type 2 diabetes were also excluded. The recruitment phase of the AVOCADO study lasted from January 2008 to August 2010.
In the AVOCADO study, patients found to be "aspirin-resistant" in laboratory tests performed at the first (baseline) study visit were subsequently randomized to treatment with aspirin at a double dose (ie, 150 mg/d) or to treatment with clopidogrel at a dose of 75 mg/d.
The current study included only clinical data and laboratory measurements obtained at baseline visits, that is, before randomization to study treatment.
The purpose of the current analysis was to reveal the effect of adipokines on lipid profile, irrespective of their effect on insulin sensitivity. Therefore, to evaluate insulin resistance using the Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) index, only patients with type 2 diabetes treated with oral antidiabetic agents were selected from the AVOCADO study population (patients on insulin in monotherapy or in combination were excluded).
The AVOCADO study was conducted in accordance with the current version of the Declaration of Helsinki. The local ethics committee approved the study protocol. All patients gave written informed consent to participate in the study.
Methods Venous blood samples were collected in the morning (between 8 AM and 9 AM) following an overnight fast. Regular laboratory testing, including lipid profile, fasting glycemia, hemoglobin A 1c (HbA 1c ) and serum creatinine, was performed using standard methods. Serum (for the measurement of insulin, adipokines, and inflammatory markers) was obtained from venous blood by centrifugation at 1000 g for 15 minutes at 4°C, and aliquots were stored at -80°C until patients' enrollment was completed. Subsequently, the samples were defrosted and appropriate measurements were performed. evaluation of lipid control Lipid treatment targets were defined in accordance with the current (2014) American Diabetes Association guidelines and current European guidelines as achieving lowdensity lipoprotein (LDL) cholesterol concentrations below 100 mg/dl (2.5 mmol/l) in patients without overt coronary artery disease and below 70 mg/dl (1.8 mmol/l) in patients with coronary artery disease; total cholesterol concentrations below 175 mg/dl (4.5 mmol/l); high-density lipoprotein (HDL) cholesterol concentrations above 50 mg/dl (1.3 mmol/l) in women and above 40 mg/dl (1.0 mmol/l) in men; and triglyceride concentrations below 150 mg/dl (1.7 mmol/l).
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endothelial function, inflammatory response, and cytokine signalling. 4 Thus, adipose tissue affects the function of numerous organs, and its endocrine dysregulation in obesity is associated with type 2 diabetes, dyslipidemia, arterial hypertension, atherosclerosis, heart failure, nonalcoholic steatohepatitis, and polycystic ovary syndrome. 4, 5 As the actions of adipokines are immensely diverse, their role was also implied in pathological states that are not traditionally perceived as obesity-related, such as chronic hepatitis C, psoriasis, rheumatoid arthritis, systemic lupus erythematosus, asthma, chronic obstructive pulmonary disease, lung cancer, or Alzheimer disease. [6] [7] [8] [9] Given the well-known association of obesity with dyslipidemia (and, in particular, with so called atherogenic dyslipidemia), it could have been presumed that the influence of adipokines on lipid metabolism would be axiomatic and unidirectional. However, the actions of various adipokines are not only heterogeneous but often also contrary to each other. Thus, the interplay between different adipokines is complex and its exploration-challenging. Although a considerable amount of evidence is available for some adipokines (such as adiponectin) with respect to their impact on lipid metabolism, data on others (such as resistin) are not consistent. [10] [11] [12] [13] [14] [15] [16] [17] [18] The aim of this study was to investigate the association between selected adipokines and lipid control in type 2 diabetes patients. We focused on 6 key cytokines released from adipose tissue and, in order to simplify presentation of the results, decided to divide them into "classic" adipokines (adiponectin, leptin, and resistin) and inflammatory markers (C-reactive protein [CRP] , interleukin 6 [IL-6] and tumor necrosis factor α [TNF-α]).
PAtIents And Methods Patient population
The study group was recruited from the participants of the prospective randomized AVOCADO study (Aspirin Vs/Or Clopidogrel in Aspirin-resistant Diabetics inflammation Outcomes). The objectives and methodology of the AVOCADO study, including patient inclusion and exclusion criteria, as well as detailed characteristics of the AV-OCADO study population, were published previously.
19,20 Briefly, the AVOCADO study included 304 clinically stable patients aged between 30 and 80 years old, with type 2 diabetes diagnosed at least 6 months prior to study enrollment, burdened with additional cardiovascular risk factors, who had been taking aspirin at a dose of 75 mg/d for at least 3 months for primary or secondary prevention of acute coronary syndrome. As the goal of the AVOCADO study was to identify "aspirin-resistant" patients, main study exclusion criteria were: treatment with antiplatelet agents other than aspirin, treatment with anticoagulants, treatment with nonsteroidal anti--inflammatory drugs, coexisting contraindications to aspirin treatment, a history of bleeding diathesis, thrombocytopenia, thrombocytosis, previous stroke and/or transient ischemic attack, 35 patients (18%) had chronic kidney disease (CKD) stages 3-5 (including 34 patients with CKD stage 3 and 1 patient with CKD stage 4), with a median estimated glomerular filtration rate (eGFR) of 83.1 ml/min/1.73m 2 Univariate regression analyses included the following variables: age, sex, BMI, HOMA-IR index, HMW adiponectin, leptin, resistin, hsCRP, IL-6, and TNF-α concentrations, eGFR, presence or absence of statin treatment, statin dose (including all patients, that is, patients who were not treated with statins were assigned a dose of 0 mg/d; atorvastatin and lovastatin doses were converted to equivalent simvastatin doses), presence or absence of fibrate treatment and fibrate dose (including all patients, that is, patients who were not treated with fibrates were assigned a dose of 0 mg/d).
All variables found to be significant predictors of inadequate lipid control in univariate analyses (with the exception of fibrate treatment and fibrate dose in the case of triglyceride control) were included in multivariate regression analyses, as shown in tAble 4. In comparison to patients who achieved triglyceride treatment targets, those who did not achieve triglyceride control were more often treated with fibrates ( of insulin resistance Serum insulin concentration was measured using Elecsys Insulin Assay® according to the manufacturer's instructions (Roche Diagnostics, Mannheim, Germany) with electrochemiluminescence, on Elecsys 2010 analyzer (Hitachi High-Technologies Corporation, Tokyo, Japan). The HOMA-IR index was calculated based on the following formula: insulin concentration × fasting glycemia × 0.0555 / 22.5, with insulin concentrations expressed in μIU/ml and glycemia expressed in mg/dl.
evaluation of adipokines and inflammatory markers
Serum concentrations of high-molecular--weight (HMW) adiponectin, leptin, and resistin were measured using Human High Molecular Weight Adiponectin ELISA® (Millipore Corporation, Billerica, Massachusetts, United States), Human Leptin Quantikine ELISA Kit® (R&D Systems Inc., Minneapolis, Minnesota, United States), and Human Resistin Quantikine ELISA Kit® (R&D Systems Inc.), respectively. Serum concentrations of TNF-α and IL-6 were measured using Quantikine HS ELISA Human TNF-α Immunoassay® (R&D Systems Inc.) and Quantikine HS ELISA Human IL-6 Immunoassay® (R&D Systems Inc.), respectively. High-sensitivity CRP (hsCRP) concentration was assessed using Cobas Integra 800 (Roche, Basel, Switzerland).
statistical analysis A statistical analysis was performed using the SAS® software, version 9.2 (SAS Institute, Cary, North Carolina, United States). Qualitative variables were presented as absolute and relative frequencies. Normally distributed quantitative variables were presented as a mean value ± standard deviation, and nonnormally distributed quantitative variables-as a median value and interquartile range (IQR). Normal distribution of quantitative variables was evaluated using the Shapiro-Wilk test. Correlations between quantitative variables were assessed using the Spearman correlation coefficient. Univariate and multivariate logistic regression analyses were performed to determine the risk factors of inadequate lipid control. Factors found to be significant in univariate analyses were then applied in multivariate logistic regression models. A value of P of 0.05 or less was considered significant for all tests.
results study group characteristics The current analysis included 195 patients. Median age in the whole group was 68 years (IQR, 61-74). Half of the study group (97 patients) were women. Median diabetes duration was 5 years (IQR, 3-10) and median HbA 1c was 6.5% (IQR, 6.1-7.1). Median body mass index (BMI) was 30.4 kg/m 2 (IQR, 27.1-32.9). Arterial hypertension was diagnosed in 178 patients (91%); chronic heart failure, in 69 patients (35%); and coronary artery disease, in 101 patients (52%) including 50 patients (26% of the study group) with previous myocardial infarction. Eleven patients (6%) had a history of and inflammatory markers with BMI and HOMA-IR index and of adipokines with inflammatory markers are shown in tAble 5. dIscussIon The results of our study demonstrate that adipokines exert diverse effects on the lipid profile. Multivariate logistic regression analyses revealed resistin, HMW adiponectin, and TNF-α as independent predictors of lipid control in type 2 diabetes patients.
Resistin is secreted from adipose tissue as well as from macrophages and mononuclear leukocytes. In rodent models, resistin was shown to be involved in glucose metabolism and to trigger insulin resistance.
22 Initially, such a role was also proposed for human resistin. Indeed, increased resistin concentrations were reported in obesity, metabolic syndrome, and type 2 diabetes in some, although not all, publications.
4,10-12,14,23 However, recent human studies have revealed resistin mainly as an inflammatory mediator.
4 Resistin induces the expression of endothelial adhesion molecules, such as vascular cell-adhesion molecule 1 involved in leukocyte recruitment to sites of infection, and increases the secretion of other proinflammatory cytokines including interleukin 1, IL-6, interleukin 12, and TNF-α.
4,11,12,14 Consistent with these observations, in our study, resistin levels correlated significantly with concentrations of all 3 measured inflammatory markers (hsCRP, IL-6, and TNF-α), but not with BMI are the most effective agents decreasing triglyceride concentration; thus, it might have been anticipated that the direction of the relationship between fibrate treatment and triglyceride level should be opposite to the one we observed. However, as hypolipidemic therapy had been chosen at the discretion of the patients' treating physicians and initiated prior to the enrollment in the study, the presence of fibrate treatment was in fact a "marker" of high triglyceride concentration (ie, patients with higher triglyceride concentrations had been more frequently prescribed fibrates by their attending physicians). Therefore, to avoid a methodological bias, we decided not to include fibrate treatment or fibrate dose in the multivariate analysis of predictors of triglyceride control.
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Multivariate predictive models of poor lipid control in terms of total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides are shown in tAble 4.
Association of adipokines with indices of obesity, insulin resistance, and inflammatory markers In order to better understand the interplay between lipid parameters, adipokines, inflammatory markers, and insulin resistance, we performed an additional analysis on the associations between BMI, HOMA-IR index, adipokines, and inflammatory markers in the studied group. As expected, BMI correlated positively with the HOMA-IR index (r = 0.365, P <0.0001). Correlations of adipokines a as an equivalent of simvastatin dose: atorvastatin and lovastatin doses were converted to equivalent simvastatin doses (simvastatin, 20 mg; equivalent to atorvastatin, 10 mg; and lovastatin, 40 mg) b in patients receiving these drugs
Conversion factor for hsCRP to SI units is 8.45.
Abbreviations: BMI, body mass index; HMW, high-molecular-weight; HOMA-IR, Homeostatic Model Assessment-Insulin Resistance; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; LDL, low-density lipoprotein; TC, total cholesterol; TNF-α, tumor necrosis factor α LDL cholesterol (in both subgroups) and with total cholesterol levels (in the normoglycemic subgroup). 26 Those observations were confirmed by the results of an experimental study in a rodent model: transgenic overexpression of resistin led to lower total cholesterol and HDL cholesterol concentrations compared with the control group. 27 While the association of higher resistin levels with lower HDL cholesterol concentrations can be explained by its ability to induce insulin resistance and is concordant with its positive correlation with triglyceride levels, as demonstrated in previous studies, it seems more difficult to elucidate the mechanism responsible for the association of resistin with lower total and LDL cholesterol concentrations. 12,13 It was hypothesized that the inverse association between resistin and serum cholesterol levels could be attributed to the resistindependent sequestration of serum cholesterol in macrophages. 13,28,29 Increased cholesterol uptake by macrophages would also promote their transformation into foam cells. 28, 29 This would explain the association of higher resistin concentration with atherosclerosis, despite its negative correlation with total and LDL cholesterol.
Another possible explanation of the inverse relationship between resistin and cholesterol concentrations could be that cholesterol regulates resistin expression in adipose tissue. Jove et al.
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demonstrated that a reduction in total and LDL cholesterol on fenofibrate treatment induced resistin synthesis, and reported a negative correlation between cholesterol and resistin mRNA levels in adipose tissue samples. and HOMA-IR index. Furthermore, resistin has been also implied as a biomarker of atherosclerosis and cardiovascular disease. 4, 10, 24 In our analysis, lower resistin levels proved to be an independent predictor of higher total cholesterol concentrations. Additionally, we observed weak but statistically significant inverse correlations of resitin concentrations with LDL cholesterol and HDL cholesterol levels. Previous studies have provided conflicting results regarding the effect of resistin on total cholesterol and its fractions, with some studies demonstrating no such relationship and most (including studies conducted in type 2 diabetes patients) showing positive correlations of resistin levels with LDL and total cholesterol levels (contrary to the results of our study) and a negative correlation of resistin levels with HDL cholesterol levels. 10-12,23,24 It was suggested that resistin downregulates hepatic LDL-receptor expression leading to diminished LDL hepatic clearance and elevated serum LDL levels.
25 However, 2 large cross-sectional studies (a recently published study by Cabrera et al.
13 including 6637 adults, and a subsample of the Finnish Health 2000 Survey including 1508 subjects) demonstrated an inverse association of resistin concentrations with total cholesterol, LDL cholesterol, and HDL cholesterol levels in general population, even after adjustment for confounding factors-a finding largely consistent with the results of our study.
13,14 Another study, conducted in 65 diabetic patients and 134 obese normoglycemic subjects, yielded similar results showing inverse correlations of resistin levels with and its most biologically active form. 15 Its properties are opposite to those exerted by resistin, as adiponectin is an insulin-sensitizing, anti-inflammatory, and antiatherogenic adipokine. 15 There is evidence suggesting that adiponectin might contribute to longevity. 16 Serum adiponectin concentration is inversely associated with BMI, the amount of visceral adipose tissue and insulin resistance, and hypoadiponectinemia was shown to predict type 2 diabetes, coronary artery disease, and acute coronary syndromes. 4,15-18 As expected, in the studied group of type 2 diabetes patients, HMW adiponectin concentrations correlated negatively with BMI and HOMA-IR index. We also observed a trend towards an inverse correlation of HMW adiponectin levels with hsCRP concentrations. In our study, lower HMW adiponectin concentrations were an independent risk factor of higher triglyceride and lower HDL cholesterol concentrations. A negative correlation of adiponectin concentrations with triglyceride levels and its positive correlation with HDL cholesterol concentrations have been reported previously. 16-18,31,32 However, so far few studies have demonstrated that HMW adiponectin is a predictor of HDL cholesterol and triglyceride concentrations irrespective of sensitivity towards insulin. 33 Insulin resistance is known to be associated with so called atherogenic dyslipidemia characterized by hypertriglyceridemia, low HDL cholesterol concentration, and the presence of small, dense LDL particles. It might be assumed that the association of adiponectin with lower triglyceride and higher HDL cholesterol concentrations is secondary to its insulin-sensitizing properties. 15,18 Nevertheless, in our study, higher HMW adiponectin concentrations remained an independent predictive factor of triglyceride and HDL cholesterol control even after adjustment for HOMA-IR. Thus, the observed effect of adiponectin on the lipid profile must have arisen from its other characteristics. A similar conclusion can be derived from the fact that an inverse relationship between adiponectin and triglyceride concentrations was also observed in studies conducted in type 1 diabetic patients. 34 Data from single studies suggest that insulin resistance and adiponectin affect different aspects of triglyceride metabolism: a lower HOMA-IR index is predominantly associated with lower hepatic very-low-density lipoprotein (VLDL) synthesis, while adiponectin itself increases skeletal muscle lipoprotein lipase activity and skeletal muscle VLDL-receptor expression and, consequently, accelerates triglyceride catabolism.
35,36 Thus, adiponectin may influence triglyceride metabolism both in a direct and indirect (ie, associated with its insulin-sensitizing properties) way. Recently, it has also been suggested that abdominal obesity, hypoadiponectinemia, and hypertriglyceridemia share the same genetic background, as all of these factors were associated with a single nucleotide polymorphism of the RNA-specific adenosine deaminase gene, previously reported to be related to human longevity.
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Adiponectin is a hormone most profusely released from adipose tissue in physiological conditions. It circulates in the blood as 3 oligomeric complexes including low-, medium-, and high-molecular-weight adiponectin, with the latter constituting approximately half of plasma adiponectin Interestingly, in the study group, female sex proved to be a risk factor for inadequate total cholesterol and HDL cholesterol control. This could be partly due to higher HDL cholesterol treatment targets in women, which may become difficult to achieve in overweight postmenopausal women. 47 Secondly, our observation probably reflects less intensive statin treatment in women, who are generally considered to be at lower cardiovascular risk than men. 48 Some evidence suggests that women might indeed benefit less from statin treatment in primary prevention. Furthermore, women seem to be at a considerably higher risk of type 2 diabetes while on statin therapy than men. 50 However, this should not discourage statin treatment nor the attempts to achieve target lipid profile in women already diagnosed with type 2 diabetes who, by definition, are burdened with high or very high global cardiovascular risk. 2 The least frequently implemented criterion of lipid control in the study population was a reduction of LDL cholesterol levels, although according to the European Society of Cardiology, it is the primary target of lipid-lowering therapy in type 2 diabetes patients. 1,2 Almost three-quarters of the group were treated with statins but the target values of LDL cholesterol were only achieved in 43% of the patients, which indicates the choice of too weak statin preparations (with simvastatin prescribed to most patients and with no patients treated with rosuvastatin) and the use of too low doses of these drugs (with median daily doses of both simvastatin and atorvastatin of 20 mg). Indeed, a lower statin dose proved to be one of the two independent predictors of poor LDL control. The second risk factor was older age, suggesting a more cautious implementation of statin treatment in older patients, which might be attributed to an expected higher risk of adverse effects.
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limitations of the study This study was a crosssectional analysis conducted in a group of patients whose hypolipidemic treatment had been initiated before study enrollment and chosen at the discretion of the treating physicians. It might have been beneficial for the analysis to Apart from secreting "classic" adipokines, adipose tissue is also known to release proinflammatory cytokines, including TNF-α and IL-6. In our study, higher TNF-α concentrations were an independent risk factor for inadequate HDL cholesterol control. Although in the logistic regression analysis, IL-6 did not prove to be a predictor of any of the lipid parameters, its concentration correlated inversely with both total cholesterol and HDL cholesterol levels. There could be several explanations of the observed relationships. Firstly, inflammation is known to play an important role in the development of insulin resistance, type 2 diabetes, metabolic syndrome, and atherogenic dyslipidemia. 1,38 However, this does not justify the inverse correlation between IL-6 and total cholesterol level. Secondly, hypocholesterolemia (including low concentrations of HDL cholesterol) is commonly observed in inflammatory diseases and might be related to a dose-dependent reduction in secretion of both apolipoprotein (apo)B and apoA1 under TNF-α and IL-6 treatment, which was demonstrated in experimental studies. 38, 39 Furthermore, both TNF-α and IL-6 were shown to adversely influence reverse cholesterol transport-the main mechanism responsible for antiatherogenic HDL properties-by decreasing lecithin-cholesterol acyltransferase activity. 39 Additionally, TNF-α was suggested to affect HDL cholesterol metabolism on other levels, including its formation and catabolism: in experimental studies, TNF-α attenuated intestinal cholesterol efflux to apoA1 as well as substantially enhanced macrophage degradation of HDL. 40, 41 On the other hand, the inverse association of HDL and TNF-α could arise from the anti-inflammatory properties of HDL, including the ability of HDL to inhibit TNF-α production. 42 Regardless of the underlying mechanism, clinical studies confirmed the inverse correlation of HDL with TNF-α level. 32, 43 However, prospective interventional trials exploring the effects of anti-TNF-α therapy on serum lipid profile yielded conflicting results with some studies demonstrating an increase and others-a reduction in HDL concentration following anti-TNF-α treatment. include treatment-naive patients and assess both adipokine concentrations and lipid parameters before and after the initiation of hypolipidemic treatment. Secondly, a larger number of patients would have increased the statistical power of our analysis.
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conclusions Adipokines might affect serum lipid profile in a diverse manner, irrespective of insulin resistance. In the studied group of type 2 diabetes patients, lower HMW adiponectin concentrations proved to be a predictor of inadequate triglyceride and HDL cholesterol control; higher TNF-α, of inadequate HDL control; and lower resistin, of inadequate total cholesterol control. Women and older patients should be given more attention regarding the achievement of lipid treatment targets.
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